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THY. PROBABLE MECHANISM OF THE NIGHT SKY LUMIKESCENCE
IN THE CONTINUOUS SPECTRUM

S. B, Pikel'ner and k. K. Chuveyev

{Presented by G. A, Shain,'Hember of the Academy,
: November 28, 1952.)

In 1951 it wes shown {1} that the upper strats of the
terrestriel simosphere are a source not only of monochromatic
radiation but also of radiation having & continuous spectrum.
Recently one of us confirmed this. [2] by means of a more perfect
meth.d, using several different licht filters, The energy dis-
trivution in this spectrum wes determined from cbservations, and
in the interval 4720-5580 A 1t was found to have a slight
dependence on the wavelength. It was shown that the integrated
radiation emitted in this interval varies, on different nights,
from 1.2°107® to 3.8°10™® erg/cof® see deg®; that is, it may on
occasion execsed by several times the radiation at x 5677,

: ) - T .

I In the present paper, we are pointing out .a possitle
machanism for the production of this radietion. The ordinary
eiectron-ion continucus emission (free~free transitions of
electrons in the fieid of ions and recombinations of electrons
with tne grouand level and cicited levels of ions) ie insufficilent
here, aince the zoncentration of electrons and ions in the upper
strata of the atmosphere does not exceed 106, which, with the
comparstively small extent of the atmosphere, cannot give any
continuous apectrum to spesk of,

'the abundance of neutral atoms and molecules in the
atmosphere compels us to consider the process where™y negative
ions way Ve formed. 1In thls process, quanta must be emitted of
frequency higher than frequency v_, corresponding to the ioni-
zation energy of the ion. Y

Unit volume of a gas containing n, ¢lectrons and Nl

ions (or, as in the present case, neutral atoms) radistes, per
unit soiid engle and per asscond, an energy |3]:-




gr h4v5 k; { hy = hvﬁ] ‘o
jp dv = n,n_. T eXpL - ] Ay, (1)
v 8 r:l ur+1 c2 (2 ]'T“) /2 ?‘Tg

whare By and 4.1 are statistical weights, Ta ie the electron

. temperature, and ki is the cosfficlent of sdbsorpiion calculated
v per negative ion., Among all the negatlive Zons, it is only for
hydroger aodium, mercury, chiorine and oxygen that the quantities
n, and kj, are known {4,5{. Since oxygen is one »~f thz most abun-

dant elements in thms atmosphere, we ghall calculste its emission.

The helight of the layer reillating the continuous spectrum,
a8 recently determined by a rather rough method [1], is spproxi-
.Jately 460 km. However, the height determination being very i
inasxact. thie figure means only that the radiatiocn does not pro- ;
ceed from very low strata. Since the emission 18 most likely '
refarable to one of the ionocspheric layers, it is permissibile
to assume that it is generated in the F layepr, which at nignt
has a helght of about 250 km, an electren concentration :
n, « 2°10 em™ and a neutral oxygen atom c¢oncentration L, = Tei(ne '

em® {6], provided we take the chemical composition of the atmos-
phere at that height to be the same ag in the {roposphers, with
the oxygen dissociated and the nitrogsn very feebly dissociated.
It is not of great importance to know the degree of nitrugen
dissociatior. The temperature in these layers is approximsately

1500~2000° [6]. The negative ion concentration is less than the
electron concentration.

The dissociation energy of the negstive oxygen ion, as
determined by laboratory measurements, corresponas approximately
to A 6620 according to some findings, but to N 4000 according to
other findings. Bates {5| coneiders th~ firast of these figuros
the more probable, The coefficient of absorption ki, at some
distance from the l1imit, as Bates ghows by a quantum-mechanical
calculation, is equal approximately to 2~-3°10-1® cu®, but near
to the limit ite trend is not known, siuce 1t depends on ihe
unknown parameter of polarizability. It is most likely that ki,
in.reases from the limit.

Let us calcalate the emission from 1 cm® for wavelength
5220 L, wher~ the polarizability parameter does not so strongly
affect the quantity ki, which we may put as equal to 3-10-18 cnP .
Using the val’ues indicated above for the remaining parameters, we
find by means of (1) that he = 0.8°10-1* erg/cmd *sec* steradlan-A.
.f we consider the effective thickness of the emitting layer to
be 70 km, the result we get is that the energy radjated per cnf
per second within an angle of 1 square dagree per 1s equal to
1.8°10-4 erg, which is in good agreement with the duta of obser-
vation. Thus the terrestrial atmospharic emission in the con-
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tinmous go2ctram may he entirely or partially due to the mechenism
in questing, It 18 at the present time impossible to carry out a
compariscn of the theoretical and observed energy-distritutions

in the spectrum, since we do not know the trend of k; at the

iimit of the aspectrum and the exact position of this 1lin:* 1is
unknown. For tne ldentification, we need to make ohservetions in
the longzr-vave part of the spectrum, before the 1imit. If the
identifization ia correct, we should not find any radiation there,

Vew let us estimate how important certain other con-
tinuous spectrum emission mechanisms might be,

in the overwhelming majority of aises & continuous

spectrum zmission involves a partiasl conversion into radiation of
the energy of the particles invoived. As i8 well known, heavy
particiss, by the lavs of conservation of energy and momentum,
cannot convert the greater part of their energy into radiation.
Therefore, tc radiate a spectrum with the energy varying cver a
range algher than 0.4 eV, as in our present case, the requirement
is thet tnhe erergy of relative motion of the interacting particles
should considerably excead 1 eV. At Te & 1800~2000° the number

of such particles is comparatively small. Therefore, without
excluding the avove possibility, we should rather look for the
source of the emission in the interaction of heavy particles with
electrcens. As we have already pointed out, the concentration of
positive lons ie too low to give any ncticesble emission, The
concentration of gases other than oxygen and nitrogen 1s always
small; furthermore, the most abundant of them ... the inert gases
«+. have & wvery low electron affinity, so that the probability ~
their capturing an electron is small, and the radiated energy
would have to be in the far infrared region of the spectrum. The
bona Tnergy of atomic and molecular nitrogen is <lso very small,
which i 'n facl. the explanation of the chemical inertness ot
nitrogen. Acrording to a calculation of Massey, based on a
extrapolation, the bond energy of an electron with a ni{tirogen
atom 1s about 0,04 eV,

To estimate the part played by Q, and M, molecules, we-
nave to take into account that in the E layer (height about 100 km)
tho gas density 1s about two orders of magnitude higher than in
the F layer, while the electron concentrstion at night seems to
be lower by 1 to 1y orders of magnitude. If the emission were
due to moiecules, then 1t would be stronger in the E layer, where
the dissociation must be less; the height measurements, however,
point to the P layer rather than the E layer. We may also conclude
from this that in the F layer the oxygen cannct be strongly
Gisusociated, aud iv must be that the oxygen concentration
in this layer dces not oxeceed the concentration in the F layer
by more than 1 to 14 ordsra of magnitude. When we have more
Acecurate data on the elzctron concentration in the E layer, we
ahall be able to state this conclusion more precisely, We may
say that there is a whnle series of processes which will NOT




serve as source of the observed radiation. But we musti not
prematurely conclude that the mechanism which we have examined
is ihez only mechanisw; there may indeed exist others, si'"1
nnknown to us. Thelr exlstence doss not deny the emission
rescliting from the formation of negative oxygen ionse, whioh
W3t soneititute pert of the night sky sontinuous gpectrum.

With the ald of equation {1} 1t is easy tc culculate
that about 50 negative oaxygen ions are formed per cm?® per second.
If these ions were to maintain themselves throughout the night,
gshen in 1 or 2 hour's time ithe slectron concentration would
strongly decresse and the radiation.would be extinzuished.

Since n, does not fall off rapidly during the nigh it

1s necessary to suppose that there exlstis a reverse mechanism
which destroys the negative ions. Collisions with electrons are
insufficient for this, as may easily be shown by calculation.
The mechanism might be some phbotuenemical reaction, or collisions
with excited atoms. In perticular, if it turns out that the
energy of dissociation of the negative oxygen ion is smaller

by 0.1-0.2 eV than what is at present accepted, then collisinns
with excited O-atoms in the il satate, the initial state for
emission of the red lines A 6300 and A 6364, will be highly
effective. The effective cross section for this process at
energies near the dissociation value is very large ... of the
order of 103 to 10% cm®, If we take it that the A 6300 and

A 6364 emissions originate in this same F layer, then the con-
centration of exci.ed oxygen atome, as determined by the oright-
ness of these lines, 1s n, = 104,

The number of collisions of these atoms with negative
ions, leading to destruction of the latter, is approximately equal
to

1 6 &

non v x 10%+10%-2:10 19713

5 20 cm™® Becnl,

assuming that the concentration of negati . ilons is 0y = 1Q¢%

(somswhat less than the elesctron concentration), and the relative
velocity of the atoms v » 2 km/sec. We see that .1e rate of
destruction of the negative ions in this case 1s close to the
rate of their formation. There may occur other processes

leading to the destruction of the negative ions, but they are of

a character not important for the mechanism which we are here
conaidering.

Crimean Astrophycical Observatory,
Academy of Sciences USSBR. Received November 21, 1952,
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